1-(2,2 -Diethoxyethyl)-3-methyl-imidazolium bromide, 1, has been prepared and used as a precursor for the synthesis of the corresponding silver bromide complex [(NHC) 2 Ag][AgBr 2 ], 2. Transmetallation of 2 with (tht)AuBr (tht = tetrahydrothiophene) yields (NHC)AuBr, 3. The solid-state structures of 2 and 3 have been determined by single-crystal X-ray diffraction revealing a loose aggregation of the complexes by weak metal-metal interactions. Due to the presence of these contacts, both complexes are emissive in the solid state.
Introduction
Silver and gold complexes bearing N-heterocyclic carbenes (NHC) have been the focus of intense studies for over a decade [1] . Because NHC-Ag(I) complexes are versatile carbene transfer agents, they have been synthesized as stable intermediates in the course of many preparations of other transition metal NHCcomplexes [2] . They are conveniently accessible by the reaction of an imidazolium salt and Ag 2 O and feature a rich coordination chemistry. NHC-Au(I) complexes are investigated due to numerous applications ranging from homogeneous catalysts for unique C-C, C-O, and C-N bond forming reactions [3, 4] to pharmaceutical uses as anticancer, antiarthritis, and antibacterial agents [5, 6] . The chemistry of gold is dominated by compounds of the metal in the oxidation state +1 in linearly coordinated complexes of the type NHC-Au-X or [(NHC) 2 Au]X, which are prepared by the reaction of (R 2 S)AuX (R 2 S = Me 2 S, tetrahydrothiophene; X = halide) with an NHC-Ag complex or the free carbene [7] . In the course of our studies on Ag(I), Au(I) and Au(III) complexes bearing NHCs functionalized with nitrogen donor atoms [8 -10] , we became also interested in examples with oxygen containing side arms at a nitrogen atom of the NHC ligands. Herein, we report the synthesis and characterization of c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com 1-(2,2 -diethoxyethyl)-3-methyl-imidazolium bromide and the corresponding NHC-Ag(I) and -Au(I) complexes. It should be noted, that the synthesis of the related N,N -bis-(2,2 -diethoxyethyl)-imidazolium salt and its Ag(I), Pd(II) and Ni(II) compounds has been published recently [11] .
Results and Discussion
The imidazolium salt 1 is prepared by the reaction of bromoacetaldehyde diethyl acetal with 1-methylimidazole at 80 • C without solvent and obtained as a viscous oil (Scheme 1). Subsequent reaction with Ag 2 O in dichloromethane (DCM) yields the complex [(NHC) 2 Ag][AgBr 2 ], 2, in good yields and high purity as a colorless powder. The Au(I) complex 3 is obtained by the stoichiometric reaction of 2 with (tht)AuBr in DCM (Scheme 1). All complexes are stable in the dark in solution and solid state. Attempted acidic deprotection of the acetal function in complex 3 and isolation of an aldehyde-functionalized NHC-Au(I) complex failed so far.
In the NMR spectra of the ligand and its complexes, the resonance of the C2 carbon atom is most affected by the exchange of the proton by a metal atom: Whereas the C2 atom of the imidazolium salt resonates at δ = 137.5 ppm, the signal for the car- bene carbon atom of 2 is significantly down field shifted to δ 181.1 ppm. This value is very similar to that of analogous NHC-Ag complexes of the type [(NHC) 2 Ag][AgBr 2 ] [7, 10] . The chemical shift of the C2 carbene carbon atom of the gold complex 3 is 184.3 ppm, which is at the down field limit of comparable NHC-Au-Br complexes [7] . The ESI mass spectra of 2 and • ) with two different Ag···Ag distances of 3.436(1) for Ag1-Ag2 and 3.668(1)Å for Ag2-Ag1 ii . Taking into account the sum of the van der Waals radii of silver (3.44Å [13] ) these distances are indicative of only weak or even insignificant attractive argentophilic interactions. Therefore, this aggregation might be governed mainly by Coulombic or multipolar interactions (e. g. quadrupole-quadrupole interactions which in certain cases can even outperform metallophilic interactions [14] ). It should be noted that this aggregation pattern is frequently found for silver halide complexes bearing NHC ligands, but is rarely observed with other ligands [7] . The imidazolyl ring planes are almost exactly coplanar (N1-C1-C11-N3 178.2
• ) which results from an increased π backbonding contribution compared to a perpendicular orientation [15] . Both Ag-C bond lengths are almost identical [Ag1-C1 2.08(1)Å, Ag1-C11 2.09(1)Å] and fall in the range typical for other silver-carbene complexes [16] .
The gold complex crystallizes in the monoclinic space group P2 1 /n with Z = 4. The coordination of the gold atom is linear [C1-Au1-Br1 175.8 (2) • ] with Au-C and Au-Br distances of 1.98(1) and 2.394(1)Å, respectively. Two complex molecules are loosely associated in an antiparallel mode into dimers with a relatively long Au···Au distance of 3.598(1)Å, i. e. too far to suggest significant aurophilic interactions [17] (Fig. 3) . Interestingly, the Au1···C1 i distance of 3.498(1)Å is significantly shorter than the Au···Au distance and in the range of reported π(C)-Au(I) interactions [12] . Therefore, it is tempting to speculate that the dimerization is synergetically governed by both closed-shell d 10 -d 10 as well as cation-π interactions. Albeit not explicitly described in previous publications about NHC-Au-X (X = Cl, Br) complexes, an analysis of their crystal structures revealed that this loose aggregation pattern is not unusual for functionalized NHC ligands [18] . A similar aggrega- tion has also been reported for some compounds of the type L-Au-SR (L = phosphane, isonitrile; SR = SCN, thiolate, thioacetate), where the Au and S atoms form a parallelogram with Au···S edges and an Au···Au diagonal with dominating thiophilic interactions [19] .
Closed-shell d 10 -d 10 interactions of coinage metals frequently give rise to luminescence in the solid state and under special conditions also in solution. Albeit not always unambiguous, the emission from complexes with gold-gold interactions are usually assigned to a 3 [5dσ * 6pσ ] excited state, which has a formal metal-metal bond reminiscent of the formation of excimers or exciplexes of organic molecules [20] . Compared to gold(I) complexes, the luminescence mechanisms of complexes featuring silver-silver contacts are not equally well established but mostly explained in analogy to gold(I) also by an excimer/exciplex model [21] . For the present results no direct correlation between the metal-metal distances determined by X-ray diffraction and the emission wavelength could be formulated, because the bonded M-M distance in the excited state is responsible for the emission properties and usually not known. Therefore, the photoluminescent behavior is possible even if the distance in the ground state is of the order of the sum of the van der Waals radii or slightly above. The distortion of the complexes in the excited state are reflected by the Stokes shift which in the case of metallophilicity-based emission is very large.
Although they are weak, the metal-metal interactions of both complexes 2 and 3 give rise to lumi- Fig. 4 (color online). Excitation (left) and emission (right) spectra of solid 2 (•) and 3 ( ) at 20 • C (emission spectra: 2 λ ex = 280 nm, 3 λ ex = 300 nm; excitation spectra: 2 λ det = 420 nm, 3 λ det = 700 nm).
nescence in the solid state upon excitation with UV light (Fig. 4) . At r. t., the gold complex shows a broad, low-energy emission band around 709 nm. In the excitation spectrum a signal at 275 nm and a shoulder at 305 nm are detected. These values are in the standard range of other gold complexes with aurophilic contacts in the solid state [22] . The silver complex features an unstructured, broad emission band at 419 nm. Two bands appear in the excitation spectra at 300 and 360 nm. Interestingly, these values are very similar to those of Tl[Ag (CN) 2 ] , where the arrangement of silver atoms (also with two different silver-silver distances) has been held responsible for the emission behavior [21] . As solutions of 2 and 3 are not absorbing above 250 nm, the bands in the excitation spectra are indicative of electronic transitions originating from the aggregation via metal-metal interactions in the solid state. The very large Stokes shifts of ∼ 9470 cm −1 (2) and ∼ 22260 cm −1 (3) indicate severe distortions of the structures in the excited state. These observations are in accordance with an excimer/exciplex model.
Conclusion
In this contribution we describe the synthesis of 1-(2,2 -diethoxyethyl)-3-methyl-imidazolium bromide as a precursor for the synthesis of the silver(I) and gold(I) complexes of the corresponding carbene. The single crystal structure analysis of the silver compound revealed the formation of an ionic complex of the form [(NHC) 2 Ag][AgBr 2 ], whose ions are aggregated alternatingly to infinite chains via loose silver-silver contacts. Transmetallation with (tht)AuBr (tht = tetrahydrothiophene) yields (NHC)AuBr which dimerizes in an anti-parallel fashion in the solid state. Although the metal-metal distances are large, the presence of M-M contacts gives rise to photo-luminescence in the solid state at r. t. with very large Stokes shifts indicative of strong geometric distortion in the excited state.
Experimental Section

General information
All solvents and reagents were commercially available and used as received. The gold precursor (tht)AuBr was prepared following the procedure described by Usón et al. [23] . NMR spectra were recorded either on a Bruker Digital Avance DPX 300 (300 MHz) or on an Avance DRX 500 (500 MHz) spectrometer. 1 H and 13 C shifts are reported in ppm relative to Si(CH 3 ) 4 referring internally to the residual signal of the deuterated solvent. Mass spectra were collected on a Finnigan LCQ DecaXPplus ion trap mass spectrometer with ESI ion source. The electronic spectra were recorded on a Horiba Jobin Yvon Fluorolog-3 spectrofluorometer. All emission spectra were corrected for wavelength-dependent instrument and detector response.
Crystal structure determination
Single-crystal structure analyses were carried out on a Bruker Smart X2S diffractometer operating with MoK α radiation (λ = 0.71073Å). Crystal data and numbers pertinent to data collection and structure refinement can be found in Table 1 . The structures were solved by Direct Methods (SHELXS-97 [24] ) and refined by full-matrix least-squares on F 2 (SHELXL-97 [25] ). The H atoms were calculated geometrically, and a riding model was applied during the refinement process.
CCDC 854542 and 854543 contain the supplementary crystallographic data for 2 and 3. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
1-(2,2 -Diethoxyethyl)-3-methyl-imidazolium bromide, 1
A Pyrex tube was charged with 1-methyl-imidazole (1.08 g, 13.2 mmol) and bromoacetaldehyde diethyl acetal (2.39 g, 12.2 mmol). The mixture was heated to 80 • C and stirred for 2 d. The reaction mixture was cooled to r. t. and washed three times with 10 mL toluene. 
Bromo-[1-(2,2 -diethoxyethyl)-3-methyl-imidazol-2-ylidene]gold(I), 3
A 10 mL round bottom flask was charged with a sample of 2 (0.19 g, 0.49 mmol) and 5 mL of DCM. Solid (tht)AuBr (0.18 g, 0.49 mmol) was added to the solution with stirring whereupon a precipitate of AgBr was formed immediately. After further stirring for about 30 min at ambient temperature and filtation the solvent was removed in vacuo, and the remaining solid was recrystallized from DCM/npentane generating colorless needles. Yield 77.6 % (0.18 g, 0.38 mmol). 
